Fatty acid profiles of 202 coryneform and nocardioform bacteria were recorded by gas chromatography. Strains were grouped according to their profiles using mean linkage cluster analysis and similarity measures based on the correlation coefficient, the angular separation between vectors in a multidimensional space and the degree of overlap between superimposed traces. Comparisons using both real and hypothetical data showed the last of these measures to be the most effective. Strains were divided into two major groups, depending on whether they contained predominantly straight chain or iso-and anteiso-branched acids. The first group was divided into two subgroups according to the relative proportions of the characteristic acids present ; one subgroup had six clusters containing the rhodococci, nocardiae, mycobacteria and caseobacters, and the other had two containing the xanthobacters and true corynebacteria. The second group was divided into one subgroup containing strains of Arthrobacter simplex, Arthrobacter tumescens and Arthrobacter duodecadis, and one having three clusters. One cluster from this latter subgroup contained cellulomonads, one contained brevibacteria and curtobacteria and one contained arthrobacters, oerskoviae and kurthiae. Identification to generic level by fatty acid composition alone may not be feasible, but fatty acid analysis coupled with morphological examination may be sufficient to identify Corynebacterium, Arthrobacter, Cellulomonas, Oerskouia, Brevibacterium, Caseobacter, Kurthia and the A. simplexltumescens taxon. Distinction is not easy between Curtobacterium, Microbacterium and the diaminobutyric acid-containing coryneforms and between Rhodococcus, Mycobacterium and Nocardia.
INTRODUCTION
Lipid analyses are being used increasingly in bacterial taxonomy (see Lechevalier, 1977 , for review). They are proving particularly helpful in the classification of the coryneform bacteria, where along with the major criteria of cell wall and DNA base composition, they provide valuable characters for the recognition of generic groups (see Keddie & Cure, 1977 Minnikin et al., 1978; Keddie & Bousfield, 1980 for reviews). The distribution and taxonomic significance of lipids in coryneform bacteria have been reviewed extensively by Minnikin et al. (1978) and further information is contained in the papers by Lechevalier et al. (1977) , Kroppenstedt & Kutzner (1978) , Minnikin et al. (1979) , Collins et al. (1979 Collins et al. ( , 1980a , Collins & Jones (1 980, 198 1) , Nesterenko et al. (1980) and Goodfellow et al. (1980) . The long chain (C to CzO) fatty acids of coryneform and related bacteria divide most of them into two broad groups . High proportions of straight chain saturated and monounsaturated acids occur in organisms having meso-diaminopimelic acid and arabinose in their cell wall (Corynebacterium sensu stricto, Caseobacter, Rhodococcus). Most other csryneform bacteria, regardless of cell wall composition, contain mainly iso-and anteiso-branched acids, but
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spectrometry in an extract of Arthrobacter simplex (NCIB 8929) and those in other organisms characterized as having the same chromatographic properties as the known esters in this organism. Fatty acid esters characterized in this way included 10-Me18 (tuberculostearic) acid, iso-and anteiso-15 : I and iso-and anteiso-17 : 1 acids. Further confirmation of the 10-Me18 (tuberculostearic) acid was obtained by reference to the profile of Mycobacterium tuberculosis (NCTC 7417) , an organism where the chromatographic behaviour of this acid was known (D. E. Minnikin, personal communication) . The amount of each acid present, expressed as a percentage of the total fatty acid (Cl0 to C2,,) composition, was calculated from the ratio of its peak area to the total peak area using an integrator (Infotronics Model CRS 204) . Reproducibility of the chromatographic technique was determined by repeated injection ( x 5) of identical samples of a mixture of standards. Reproducibility of profiles of the same strain was determined by analysing extracts of four cultures of A. simplex NCIB 8929 grown under identical conditions. In both cases the coefficient of variation was calculated for each peak.
Numerical analysis offatty acid data. Hypothetical data designed to test the robustness of various similarity measures and the data of B8e & Gjerde (1980) were analysed in addition to data obtained in the present work. All data consisted of peak areas expressed as percentages of the total peak area of a trace, after peaks of area < 1 % had been excluded. Similarities were calculated using the coefficients given below and clustering was achieved by the mean linkage method (Sokal & Michener, 1958) using an IBM 1130 computer and programs written by one of us (G.L.S.) and H. R. Sanders of this Institute. The following similarity measures were used.
(1) S,, based on the correlation coefficient (Drucker, 1974; Jantzen et ul., 1974 a, b 
):
S&j) = 50(1 + rlJ where where x,, x, k are the percentage areas of the kth peak for the ith andfh organism respectively, and xi, % are the mean percentage areas of all peaks for the zTh and jth organism respectively.
(2) SA, based on the angle of separation of vectors (Drucker, 1974; Ikemoto et al., 1978) :
where x, , xjk are as defined in (1). SA divided by 100 is the cosine of the angle between the lines from the origin to two points, on a hypersphere of radius 10, representing the ith and jTh organism, respectively. (3) SO, based on the degree of overlap of two superimposed traces, both scaled to have the same total area of 100 :
where x, , xjk are as defined in (1). This 'overlap' coefficient attempts to mimic the way in which traces might be compared visually. In an intuitive sense, two traces which could be superimposed exactly would be considered completely similar, whereas two which showed no overlap would be completely dissimilar. Thus the similarity S ( i j ) could be defined as P s(i,j) = 1 min (xi@ xjk) which is equal algebraically to So(i,j) as expressed above if Exik = z, j k = 100. The formula for S0(iJ) also shows it to be a similarity measure corresponding to the 'city block' metric for distance.
Preparation of hydrolysates for cell wall analysis. Cell wall hydrolysates were prepared by Bousfield's modification (Keddie & Cure, 1977) of the method of Boone & Pine (1968) , modified further as follows. Bacteria (about 5 to 10 mg freeze-dried weight) were suspended in 2 ml0-6 M-KOH in glass Bijou bottles (about 6 ml) tightly closed with polypropylene screw caps. Suspensions were autoclaved at 1 atm (101.3 kPa) for 5 min in a domestic pressure cooker, which was then plunged immediately into cold water. The cooled suspensions were diluted to 10 ml with 2 M-HC~ and centrifuged at 4OOOg for 20 min. Deposits were washed twice in 10 ml amounts of deionized water and then resuspended in 0.5 ml 10 M-HCl. Water left in the deposit after decantation of the washings diluted this acid to about 6 M. Suspensions were divided into half in clean tightly capped Bijou bottles. Suspensions to be used for sugar analysis were diluted about 1 : 2 with deionized water and heated in an oven at 100 "C for 2.5 h. Suspensions for amino acid analysis were diluted about 1 :2 with 6 M-HCl and heated at 100 "C, usually overnight, but always for at least 3-5 h. All hydrolysates were then freeze-dried in a glass apparatus, water and HCl being trapped in a liquid nitrogen-cooled glass trap. Residues were then redissolved in about 0-05 mllO% (v/v, as.) iso-propanol. 
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Determination of cell wall diamino acid. Lysine, ornithine and 2,4-diaminobutyric acid (DAB) were determined by TLC of 10-15 ~1 hydrolysate on glass plates precoated with 0.25 mm silica gel 60 (no. 5721 ; Merck) activated at 100°C for 1 h. Chromatograms were developed by continuous elution for 5 to 6 h in the solvent system chloroform/methanol/ammonia (sp. gr. 0,88)/water (8 : 8 : 1 : 3, by vol. ; Randerath, 1963) , prepared as a biphasic system with the lower phase as irrigant. The meso and LL isomers of diaminopimelic acid (DAP) were determined by TLC of 10-15 pl hydrolysate on aluminium plates precoated with 0.10 mm cellulose (no. 5552; Merck) (M. Dineen, personal communication) activated at 100 "C for 1 h. Chromatograms were developed for 3 to 4 h in the solvent system methanol/water/lO M-HCllpyridine (32 : 7 : 1 : 4, by vol. ; Hoare & Work, 1955) . All amino acid spots were located by spraying chromatograms with 0.3% (w/v) ninhydrin in 96% (v/v, aq.) n-butanol followed by heating at 100 "C for a few minutes (Block et al., 1955) .
Detection ofcell wall arabinose. The presence of arabinose was determined by TLC of 10 to 15 pl hydrolysate on activated cellulose plates. Chromatograms were developed twice in the same direction (about 45 min for each run) in the solvent system ethyl acetatelpyridinelwater (8 :2 : 1, by vol.; Block et al., 1955) . Spots were located by spraying chromatograms with freshly prepared 0.1 M-p-anisidine + 0-1 M-phthalic acid in 96% (v/v, aq.) ethanol followed by heating at 100 "C for a few minutes (Block et al., 1955) .
Determination of DNA base composition. The DNA base composition of selected strains was kindly determined by I. D. Ogden of the Torry Research Station. The DNA was prepared according to Gibson & Ogden (1979) and the mol % guanine + cytosine (% G + C) was determined by the thermal denaturation method (Marmur & Doty, 1962 ) using the equation of De Ley (1970) .
Morphological examinations. The morphology of bacteria at various ages growing in situ on agar was examined by the method of Cure & Keddie (1973) , but observations were made directly from agar plates and not from blocks mounted on slides.
RESULTS A N D DISCUSSION

Comparison of similarity measures
The three similarity measures based on the correlation coefficient (S,), angular separation of vectors (S,) and overlap of peaks (So) were compared initially using hypothetical rather than actual fatty acid data. This enabled us to test their robustness over a wide range of data and removed the temptation to select that coefficient which yielded a classification most resembling one predetermined by other criteria. Similarity measures based on Euclidean distance were not considered as they had proved unsatisfactory in preliminary studies with these types of data. If data were unscaled, similarities tended to be distorted by a single large peak; if data were scaled so that every peak had the same range, then peaks which were small for all organisms exerted excessive influence.
The hypothetical data are given in Table 1 and similarity values obtained from them using the Sc, SA and So coefficients are shown in Table 2 . Dendrograms obtained using the mean linkage algorithm with each coefficient are shown in Fig. 1 .
While all three measures would have given similarity values of 100% for a pair of identical profiles (not shown in Table 2 ), there was not always clear agreement between the S, coefficient and the others on a criterion for a similarity value of 0. Consider, for example, the pairs of profiles 1 and 2 , 6 and 7 and 10 and 11 (Table 1) . In each pair, the profiles could be said to be totally dissimilar, since neither had any peak in common with its partner, and indeed the SA and So coefficients gave a similarity value of 0 for each pair ( Table 2) . However, the Sc coefficient gave a value of 0 only for pair 6 and 7 ; values for pairs 1 and 2 and 10 and 1 1 were 44% and 20 %, respectively. On the other hand profiles 5,8 and 9 were very similar in that all peaks had about the same relative area, and by the SA and So coefficients each pair had a similarity of at least 98 %. By the Sc coefficient however, profiles 5 and 8 had a similarity of 0 (S, = 99-95 %, So = 98.2%), because a relatively high peak (albeit by a small amount) in one pattern corresponded to a relatively low peak in the other. Pairs 5 and 9 and 8 and 9 were given similarity values of only 50% ( S , and So > 99%) by the Sc coefficient. Conversely, when relatively high peaks coincided in a pair of profiles, as in 2 and 5, the Sc coefficient yielded a similarity value of loo%, even though the relative area of the coincident 'high' peaks was vastly different and despite the lack of similarity between the two profiles in respect of other peaks. Similarity values by the SA and So coefficients were 33 % and 1 1 %, respectively. Logarithmic transformation of the raw data 9.9 9.9 9-9 9.9 9.9 9.9 9-9 10. (see e.g. Bnre & Gjerde, 1980) would reduce to some extent the distorting effect of large peaks on the Sc coefficient, but in essence the above arguments would still apply. Therefore the comparison of fatty acid profiles using similarity measures based on the correlation coefficient should be regarded with caution, since such measures can prove unreliable in some situations (see below). Although the SA and So coefficients agreed more with each other than did either with the S, coefficient, the SA coefficient had the disadvantage of moving rather slowly away from 100% as differences between profiles increased. Thus the visually highly similar patterns 5 and 8 (So = 98.2%) were recorded as virtually identical by the SA coefficient ( S , = 99.95%) and, more strikingly, the moderately similar patterns 6 and 10 (So = 75%) were given a similarity value of 95%. For this reason, the So coefficient seemed more appropriate than the S, for estimating similarity between fatty acid profiles. Nevertheless, despite the higher similarity values given by the latter, the So and SA coefficients yielded structurally similar clusters (Fig. lb, c ) which often contrasted with those based on the Sc coefficient ( Fig. la) . Although the above considerations led us to select the So coefficient as the most appropriate for the analysis of our coryneform data, we also compared the effect of the S, and S, coefficients on the same data. The dendrogram derived from the So analysis, simplified and divided into two parts for convenience of presentation, is shown in Figs 2 and 3; that derived from the SA analysis broadly resembled it in structure although certain strains in subgroups A and B were transposed and subgroup C was placed as an outlier of Group 1 (see below). However, as expected, similarity values were considerably higher in the SA run and some clusters, particularly k and l in Group 2, were poorly defined. In the Sc analysis, this tendency was exaggerated to extremes and there occurred several of the distortions demonstrated above with hypothetical data. Thus similarity values were very high, mainly as a result of coincident 'large' peaks (cf. hypothetical pair 2 and 5 in Tables 1 and 2 ) and the constituent clusters in subgroup D were not resolved, since similarity values between strains were almost all 97 to 100%. Also the two strains of A . simplex were separated from Arthrobacter tumescens (subgroup C ) because their relatively large 1 0-Me1 8 peaks (see below) gave them an unduly high similarity with the rhodococci. The subgroups and clusters in Group 1 were recognizable, although again at very high similarity levels (95 to 100%).
In the So analysis, the main groups 1 and 2 joined at a similarity level slightly above 0, whereas in the SA analysis, this occurred at about 11 % S and in the Sc run, at almost 50% S. This was accounted for by the relatively large number of coincident 'zero' peaks, despite the virtual noncoincidence of all major peaks (cf. hypothetical pair 1 and 2 in Tables 1 and 2 ).
When the three coefficients were tested (without logarithmic transformation) against the data of Bare & Gjerde (1980) for Gram-negative organisms, similar classifications were obtained, but at differing similarity levels. Thus in this case the Sc coefficient performed satisfactorily, largely because the data of Bse & Gjerde presented fewer extreme comparisons than did ours.
It is clear from the results with the hypothetical data, our own real data and those of Bare & Gjerde that the robustness of a similarity measure based on the correlation coefficient depends very much on the spread of the data to which it is applied, and that it may not be suitable for all groups of organisms.
Fatty acid analyses Reproducibility. The coefficient of variation (c.v.) for peak areas of individual standards was Resolution ofpeaks. Resolution of iso-and anteiso-1 3 : 0, iso-and anteiso-15 : 0, iso-and anteiso-15 : 1, iso-and anteiso-17 : 0 and iso-and anteisu-17 : 1 acids, respectively, was not always unequivocal. Therefore to avoid possible invalid comparisons in the statistical analyses, is0 and anteiso peak areas were combined for these acids, even when full separation was obtained. In most cases this had little effect on clustering, and will be discussed in more detail later.
Comparison with previous data. Results of fatty acid analyses for many coryneform bacteria are given by Collins (1978) and by Minnikin et al. (1979) , Collins et al. (1980a, b) , Collins & Jones (1980) and Goodfellow et al. (1978 Goodfellow et al. ( ,1980 . After combining the is0 and anteiso components of C1 and C17 acids, we compared a cluster analysis (So coefficient) on the pooled data from these reports (for convenience referred to subsequently in the present paper as the 'Collins et al. pooled data') with that done on our own data, and found the two cluster diagrams to be very similar. We also calculated similarity values between our results and those of the above authors where the same strains had been examined. Here, similarities varied considerably from > 90% for many corynebacteria to about 50% for the kurthiae (see below). Thus while the amounts of various acids found in the same or similar strains by the above authors and ourselves sometimes appeared to differ considerably, the grouping of strains and the relationships between groups were very much the same in both cases. This simple exercise clearly demonstrates the value of numerical analysis in comparing fatty acid data sets from different laboratories.
Fatty acid composition of strains. The fatty acid composition of strains is summarized in Table  3 . The complete data have been deposited with the British Library Lending Division, Boston Spa, Yorkshire, U.K. as Supplementary Publication No. SUP 20814 (14 pp.). (Copies may be obtained from the BLL on demand; requests should be accompanied by prepaid coupons, held by many university and technical libraries and by the British Council.) As expected, the organisms were divided into two major groups on the basis of their fatty acid composition: those containing high proportions of straight chain and sometimes 10-methyl-branched acids (Group 1 , Fig 2) and those containing mainly iso-and anteiso-branched acids (Group 2, Fig 3) (see e.g. Minnikin et al., 1978) . These groups corresponded to the well recognized division of coryneform and nocardioform bacteria into those having mycolic acids and mesu-DAP and arabinose in their cell walls (Group 1) and those lacking mycolic acids and arabinose and often having diamino acids other than meso-DAP (Group 2) (see e.g. Keddie & Cure, 1977) . The only exceptions were the inclusion in Group 1 of cluster g containing the non-mycolic acid-containing Xanthobacter JIavus ( 'Mycobacterium Jlavum') and Xanthobacter autotrophicus ( 'Corynebacterium autotrophicum'), neither of which are coryneform bacteria. Both are pleomorphic but Gramnegative and were originally included in this study because their true taxonomic position was uncertain. They were classified in the genera Mycobacterium (Federov & Kalininskaya, 1961) and Corynebacterium (Baumgarten et al., 1974) but were transferred to Xanthobacter by Weigel et al. (1978) and Malik & Claus (1979) , respectively. We have left these organisms in the dendrogram (Fig. 2) to emphasize the importance of keeping the interpretation of fatty acid analyses in its proper taxonomic perspective. Fatty acid profiles, not overall phenotypes, are being compared and there is fundamentally no reason why taxonomically very different organisms should not have similar fatty acid compositions. Identification of coryneform bacteria 
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Group 1 was divided into subgroups A and B. In the former, 16 : 0, 16 : 1, 18 : 1 and 10-Me1 8 acids predominated. This subgroup was divided into six clusters (a tof) and two outlying strains based on quantitative differences. Subgroup B contained two clusters, g and h. Cluster g (discussed above) was characterized by the marked predominance of a single acid, 18 : 1. This acid predominated in cluster h too, but high proportions of 16 : 0 also occurred.
Group 2 was divided into subgroups C and D. The former comprised four strains which differed from all other Group 2 strains in having 10-methyl-branched acids in addition to isoand anteiso-branched acids and more than very small amounts of 18 : 1. Subgroup D separated into three clusters (j to I) and one outlying strain according to quantitative differences in fatty acid composition.
Although clusters a to I can be separated with reasonable confidence, they frequently do not correspond to presently recognized taxa. (1982) that the taxonomic position of Caseobacter is uncertain and that its relationships to Corynebacteriurn and Rhodococcus need clarifying, we nevertheless feel that the genus serves a useful purpose at present in accommodating some organisms which appear to be intermediate between these genera. From this point of view, the transfer of A. variabilis to the genus Caseobacter might be considered.
Nocardia amarae NCIB 1 1222 and Mycobacteriurn thermoresistibile NCTC 10409 fell into cluster d mainly because of their low 10-Me1 8 acid content. Although other evidence indicates that these organisms to some extent are not typical nocardiae (Orchard et al., 1977; Goodfellow et al., 1982) or mycobacteria (Tsukamura et al., 1979) , respectively, there is none to suggest that they are any more related to the true corynebacteria than are other nocardiae and mycobacteria.
Of the two outlying strains in subgroup A, Rhodococcus terrae NCTC 10699 differed from all other Group 1 strains in having almost 30% of iso-and anteiso-branched acids. Such acids occurred in very few other Group 1 strains, and even then in very small amounts.
In the SA analysis Corynebacterium diphtheriae NCTC 10356 was an outlier in subgroup B, at first sight a more logical placement from a taxonomic point of view, but the full So and SA similarity matrices showed that in either analysis bias in favour of allocation to one subgroup or the other was marginal. This strain was distinguished from all others in Group 1 by its remarkably high level of 16 : 1, Similarly large amounts of 16 : 1 have been found in other strains of Cor. diphtheriae, Corynebacterium pseudotuberculosis and 'Corynebacterium ulcerans' (Fulco et al., 1964; Alshamaony et al., 1977; Collins, 1978) . Indeed the analysis of the 'Collins et al. pooled data' showed these three species as a discrete cluster, associated with the equivalent of subgroup A at about the same level as Cor. diphtheriae in the present work, but likewise distinct from the saprophytic corynebacteria.
Most previous reports on the fatty acid composition of mycobacteria, nocardiae and rhodococci (for reviews see Minnikin Lechevalier, 1977; do not give the detailed proportions of different acids. Where we have been able to compare our results with other work, agreement has been generally very good (Bordet & Michel, 1963; Pommier & Michel, 1973 ; Alshamaony et al., 1977; Collins, 1978) , given the differences in growth media and conditions. However, some of our results differ from those of Bowie et al. (1972) who did not report the presence of 10-Me1 8 in any of the strains they examined. A further notable discrepancy is the difference between our result and that of Goodfellow et al.
( 1 978) for the type strain of 'G. aurantiaca', NCTC 10741. We found roughly equal proportions of 16 :0, 18 : 1 and 10-Me18 acids in this strain, whereas Goodfellow et al. (1978) reported a marked predominance of 16 : 0. However, the results these authors obtained for several other strains of 'G. aurantiaca' were on the whole more similar to ours for NCTC 10741.
Subgroup B.
Apart from X.Jiaous and X . autotrophicus (cluster g ) which are discussed above, subgroup B consisted entirely of strains bearing a variety of names but now all considered to belong to the genus Corynebacterium sensu stricto (see e.g. Bousfield Keddie & Cure, 1977 Minnikin et al., 1978; Collins et al., 1979 Collins et al., , 1982 Barksdale et al., 1979; Keddie & Bousfield, 1980) . However, the fatty acid profiles of these corynebacteria differed in several respects from that of the type species of the genus, Cor. diphtheriae (see above). Cluster h consisted mainly of industrial strains, many of which probably belong to the single species Corynebacterium glutamicum (Abe et al., 1967) , together with a few animal-associated corynebacteria. Also included were several strains of marine origin (denoted by the prefix SN), considered by Bousfield (1978) to belong to Corynebacterium sensu stricto, but unusual among the true corynebacteria in being strict aerobes (Keddie & Cure, 1977; Keddie, 1978) .
Of the two outlying strains in subgroup B, Corynebacterium xerosis NCTC 7238 had much less 18 : 1 than other strains. 'Corynebacterium murium' NCTC 949 differed sharply from other strains in having no 16 : 0 and a predominance of 16 : 1 acids.
There are few published data with which to compare our results for subgroup B strains, but fatty acid profiles of a number of these strains are given by Collins (1978) . In general, our results show excellent agreement with his and indeed computation of his and our data for the cluster h corynebacteria yielded similarities between them of about 90%. However, our result for Corynebacterium JZavescens ( 'Microbacterium JZavum') NCIB 8707, a strain not examined by Collins, differed from that of Barksdale et al. (1979) , who reported fairly high proportions (22%) of branched chain CI5 acids. We did not find more than very small amounts of branched acids in any of the true corynebacteria, or indeed (other than 10-methyl-branched) in any Group 1 strains with the exception of A. terrae NCTC 10669. Arthrobacter duodecadis has lysine in its cell wall but in other respects differs from the true arthrobacters (Keddie & Cure, 1977) . The fatty acid profiles of subgroup C strains reinforce the case for their separation from the genus Arthrobacter and indeed these organisms are singular among non-mycolic acid-containing coryneforms in having 1 0-methyl-branched (notably 10-Me18) acids and significant amounts of straight chain acids. Findings similar to ours were reviewed by Minnikin et al. (1978) for A . simplex and A . tumescens. In this respect, subgroup C strains resembled to some extent the nocardioform organisms of subgroup A , and in fact the S, analysis placed subgroup C as an outlier in Group 1, largely because of the presence of straight chain and 10-methyl-branched acids. The menaquinone composition of A. simplex and A . tumescens has also been reported to be similar in part to that of the nocardiae (Collins et al.,  1979) .
Cluster j consisted of five Cellulomonas strains. We did not detect such high proportions of straight chain acids in cluster j strains as did Minnikin et al. (1979) in the cellulomonads they examined, but we agree to some extent that the occurrence of branched CI3 acids in cellulomonads might be useful in distinguishing them from the oerskoviae. However, we did not detect such acids in Cellulomonasfimi NCIB 1 1341, a strain not examined by , nor did we find any straight chain acids other than the 16:O common to most subgroup D strains. In these respects, the profile of Cell.Jimi NCIB 1 1341 resembled those of the oerskoviae, with which this strain clustered. Nevertheless, the other properties of Cell. $mi NCIB 11341, including its cell wall composition (ornithine is the diamino acid), suggest that it is correctly classified in the genus Cellulomonas (unlike Cell. fimi NCIB 8980, which is probably a curtobacterium; see below and Keddie & Bousfield, 1980) . More contentious, however, is the question of whether CeIIulomonas and Oerskovia should be retained as separate genera. There are many similarities between them ( (Stackebrandt et al., 1980) . Most strains in cluster k belonged to or have been considered possibly to belong to the genera Brevibacterium (as redefined by Collins et al., 1980b) or Curtobacterium. Thus, in addition to strains of the two named species of Brevibacterium sensu novo, Brevibacterium linens and Brevibacterium wdinum, cluster k contained several strains having the characteristics, particularly the cell wall composition (meso-DAP, no arabinose), of the genus and tentatively identified as Brevibacterium spp. (Bousfield, 1978; Sharpe et al., 1976; 1977 ; the present work). All the named curtobacteria except 'Curt. psychrophilurn' were recovered in cluster k , together with strains having many of the properties of curtobacteria and considered to be possible ., 1980a) and 'Cor. barker? do not belong to the genus Curtobacterium. This view is supported, for Curt. testaceum at least, by DNA homology studies (Suzuki et al., 1981) .
Also present in cluster k were several strains containing DAB in their cell wall (Yamada & Komagata, 1972; Schleifer & Kandler, 1972; Keddie & Cure, 1977 ; the present work) and for which no taxonomic niche exists at present ( 'Corynebacterium aquaticum', 'Corynebacterium triticd', Corynebacterium michiganense, Corynebacterium rathayi, Corynebacterium insidwsum, 'Flavobacterium dehydrogenans' and Flavobacteriurn spp. NCMB 867 and 869). Cluster k also contained three strains of Microbacterium lacticum, a lysine-containing species considered to be a distinct taxonomic entity (Keddie & Cure, 1978) and possibly the nucleus of a redefined genus
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Microbacterium (Jones, 1975) . Also present were Brevibacterium imperiale NCIB 9888, the lipids of which were shown by Collins (1978) to be similar to those of M . lacticum, and 'Corynebacterium lamaniformans' NCIB 9659. These two strains have been shown to be similar to M . lacticum phenetically (Bousfield, 1972; Jones, 1975) , in peptidoglycan type (Schleifer & Kandler, 1972) and in their unusual menaquinone composition (Collins & Jones, 1981) . Indeed, despite differences in the cell wall diamino acid, most of the strains in cluster k , except for the true brevibacteria, have been shown to have the same unusual peptidoglycan structure (Schleifer & Kandler, 1972 Certainly these groups cannot be reliably distinguished from each other by their fatty acid composition. However, nor can they be reliably distinguished on this basis from the true brevibacteria, which in most other respects are quite different organisms, although in many cases differences in the relative amounts of C15 and C17 acids are a useful guide. The fatty acid profile of A . globiformis (atrocyaneus) NCIB 9220 resembled those of the curtobacteria and brevibacteria, resulting in its recovery in cluster k , although in other respects it appears to be a fairly typical arthrobacter.
Cluster I contained the oerskoviae, kurthiae and all the 'legitimate' (see Keddie, 1978) arthrobacters except A . globiformis NCIB 9220. Differentiation between these taxa on the basis of their fatty acid composition was not always possible, although separation of branched-C1 acids into their is0 and anteiso components (see above) would have clearly distinguished the kurthiae from the arthrobacters. The ratio of the two components to each other was vastly different between these groups, even though the total amounts of branched-CI5 acids were similar in each. In the kurthiae the amount of iso-15 : O > anteiso-15 :0, whereas in the arthrobacters the amount of anteiso-15 : 0 >> iso-15 : 0. In fact when the proportions of isoand anteiso-15 : 0 acids were recorded separately, cluster analysis placed the kurthiae outside Group 2.
Most of the arthrobacters were separated from the oerskoviae, but A . globiformis NCIB 8717 and 9458 clustered closely with the latter group, There is no evidence to suggest that these two strains are similar to the oerskoviae in other respects, but Collins & Jones (1981) consider NCIB 9458 not to be a true arthrobacter either. 'Brevibacterium sulfureum' NCIB 10535, Corynebacterium liquefaciens NCIB 9545 (see also below), Flauobacterium marinotypicum NCMB 559 and 1050 and 'Brevibacterium erythrogenes' NCMB 5 clustered with most of the arthrobacters. Nocardia cellulans NCIB 8868, 'Corynebacterium manihot' NCIB 9097 and Brevibacterium fermentans NCIB 9943 clustered with the oerskoviae. These findings support previous evidence and suggestions that these eight strains are misclassified and that the first five belong to the genus Arthrobacter and the last three to the genus Oerskovia (Goodfellow, 1971 ; Bousfield, 1972 ; Yamada & Komagata, 1972 ; Schleifer & Kandler, 1972 ; Jones, 1975 ; Keddie & Cure, 1977 Minnikin et al., 1978 Minnikin et al., , 1979 Bousfield, 1978; Collins et al., 1979) . However, the menaquinone composition of 'B. sulfureum' differs from that of most other arthrobacters Collins & Jones, 1981) . The clustering of Cellulomonas cartae NCIB 11440 with the oerskoviae is supported by the presence of lysine in its cell wall (Stackebrandt & Kandler, 1979 ; the present work) and by the occurrence of an extensive, fragmenting, substrate mycelium, both of which are characteristics of the genus Oerskouia.
The remaining strain in cluster l, 'Curt. psychrophilum' NCMB 2068 fell into cluster 1, rather than into cluster k (which contained all the other curtobacteria examined) largely because of its This strain does not have coryneform morphology and to some extent it resembles the kurthiae in that it has lysine as the cell wall diamino acid (Schleifer & Kandler, 1972; Keddie & Cure, 1977) and menaquinones with predominantly seven isoprene units (MK-7) (Collins, 1978 ;  Collins et al., 1979); indeed Collins & Jones (1981) suggested that it should be compared further with these organisms. However, its fatty acid composition is clearly different from that of the kurthiae and its DNA base composition (51.5mol% G + C) is not in the range (3840%) associated with the kurthiae. On the other hand, the DNA base composition of B. acetylicum is not far removed (about 5%) from those of the alkalophilic organisms described by Souza & Deal (1977) and Gee et al. (1980) . Although we have not examined cultures of these organisms, from their published descriptions there do seem to be other similarities between them and B. acetylicum which might be worth investigating further.
Where direct comparisons are possible, our results for the strains in Group 2 compare favourably with those of other workers in that we have found the same acids to predominate (Bowie et al., 1972; Minnikin etal., 1979; Collins, 1978; Collins et al., 1980a, b; Collins & Jones, 1980; Goodfellow et al., 1980) , but in some cases there is considerable disagreement over the relative amounts and proportions of these acids. Thus our findings concur broadly with those of Bowie et al. (1972) and Collins (1978) in that the major acids in brevibacteria, curtobacteria, kurthiae and the DAB-containing coryneforms were iso-and anteiso-C1 and CI7 acids, with the former usually predominating (often substantially). However, Goodfellow et al. (1980) sometimes found, much lower amounts of C I S acids than we did (particularly in the kurthiae and brevibacteria) and larger, often predominant, amounts of C1 acids. These discrepancies probably reflect differences in experimental conditions used by various workers and therefore need not be a cause for concern. They do, however, illustrate the need for caution when comparing the results of quantitative fatty acid analyses obtained in different laboratories.
Our findings with Cor. Ziquefaciens NCIB 9545 are completely at variance with those of Lanbelle et al. (1980) , who reported that a culture of this strain obtained from the ATCC (ATCC 14929) had mycolic acids and the fatty acid and cell wall composition of a typical corynebacterium. Cultures of NCIB 9545 have the cell wall and fatty acid composition and phenotypic properties of a typical arthrobacter (Bousfield, 1972; Keddie & Cure, 1977 ; the present work). Schleifer & Kandler (1 972) also reported a lysine-containing peptidoglycan in their culture of ATCC 14929. We obtained recently (1981) a culture of ATCC 14929 from the ATCC and found it to have lysine in the cell wall and a fatty acid composition identical with that of NCIB 9545. Thus it appears that the culture examined by LanCelle et al. (1980) was not authentic and that Cor. Iiquefaciens NCIB 9545 (ATCC 14929) is in fact an arthrobacter.
Identification of coryneform bacteria by fatty acid _fingerprinting
The results of the present study confirm and extend the findings of previous workers that the detailed fatty acid composition of coryneform bacteria is of value in their classification (see Introduction for references). Of course, like any other taxonomic criterion, it must be used in conjunction with other features to arrive at sound classifications of the organisms being studied. In this respect, it is interesting that where the taxonomic position of an organism is equivocal when based on other criteria, the placement according to fatty acid composition may be similarly ambiguous (e.g. the caseobacters) ; also unusual organisms appear to have unusual fatty acid compositions (e.g. the LL-DAP-containing coryneforms). However, fatty acid composition differs from most taxonomic criteria in that it comprises a set of variable 'subfeatures' which are amenable to objective analysis by numerical taxonomic methods. It is this property which makes fatty acid fingerprinting, like pyrolysis GLC (see e.g. Gutteridge & Norris, 1979) potentially valuable as an identification method. The present work did not in itself involve identification, but using the data and the similarity measure introduced here, an unknown organism could be assigned to the groups or strains to which it was a nearest neighbour. In fact this approach is now used routinely in the NCIB identification service.
A major aim of the present work was to determine to what extent fatty acid composition with the aid of numerical analysis might be used as a principal criterion for the identification, at least to generic level, of coryneform bacteria; in particular to what extent it might obviate the need for cell wall or other chemotaxonomic analyses. The results show that not all generic groupings can be distinguished unequivocally by fatty acid composition (Figs 2 and 3) and that therefore identification solely on this basis may not be feasible. Nevertheless, our experience in the routine identification of isolates submitted to the NCIB suggests that once an organism has been placed in the appropriate subgroup or cluster (Figs 2 and 3) according to its fatty acid profile, if its identity is not then immediately apparent, a morphological examination (which must be done anyway to ascertain that the organism is a coryneform) is often the only other test needed to reach a presumptive generic (or equivalent) identification, without resort to other chemotaxonomic analyses. Thus although arthrobacters and oerskoviae (which also both have lysine as the cell wall diamino acid) are not completely separated by their fatty acid profiles, they are readily distinguished from each other morphologically. Cellulomonads can generally be recognized by their fatty acid profile alone, but in doubtful cases morphology again distinguishes them from arthrobacters and oerskoviae. Brevibacteria and curtobacteria have similar fatty acid compositions but they too can usually be distinguished morphologically, but the differences are not always pronounced and cell wall analysis may sometimes be needed in doubtful cases. On the other hand, the morphologically similar arthrobacters, brevibacteria and saprophytic corynebacteria are clearly separated from each other by their fatty acid composition, and in general corynebacteria can be distinguished from rhodococci (which have the same cell wall composition). As has been mentioned by Minnikin et al. (1978) , the presence or absence of significant amounts of 10-Me18 acids can be a useful indicator here, although Lechevalier et al.
(1 977) have reported the Occurrence of these acids in Corynebacterium bovis. Similarly, 10-Me 18 acids are helpful in the distinction between caseobacters and corynebacteria and in the recognition of the A . simplexltumescens group. However, fatty acid analyses do not fully separate rhodocoddi, mycobacteria, nocardiae and the 'G. aurantiaca' taxon and in many cases morphology is of little help either. Similarly the curtobacteria, M . Iacticum and the DABcontaining coryneforms cannot be readily distinguished from each other. Nevertheless, despite these drawbacks we believe that detailed fatty acid analysis may be one of the most useful and widely applicable tools presently available for the routine presumptive identification of coryneform bacteria at the generic level.
It should be noted that certain of the extracts analysed in the present study will also contain mycolic acid methyl esters, which on gas chromatography may pyrolyse to give fatty acid methyl esters and long-chain aldehydes . It has been shown by Guerrant et al. (198 1) that, for mycobacteria, the contribution of mycolic ester pyrolysis products to the overall profile depends on the injection temperature of the gas chromatograph. The present conditions approximate to those which do not promote efficient mycolate pyrolysis but, in order to reproduce the profiles obtained in these studies, similar gas chromatographic conditions should be employed.
